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INTRODUCTION 
Tuberculin was discovered by Koch in 1891 as a result of the 
unusual effects he observed when dead tubercle bacilli were injected 
into both healthy and tuberculous animals. Koch found that the active 
material was present in extracts of these bacteria, and that it could be 
obtained by filtering out the bacteria and concentrating the culture 
filtrate. The concentrated culture filtrate became known as "Old 
Tuberculin" (OT) or sometimes as "Koch's Old Tuberculin" (KOT), 
Calmette attributed the first use of tuberculin as a diagnostic 
reagent to a man named von Bergman. The importance of tuberculin as a 
diagnostic reagent for tuberculosis was immediately recognized and was 
used in the United States beginning in 1892. In the next several years, 
the United States Department of Agriculture (USDA) was able to demon-
\ 
strate the usefulness of tuberculin as a diagnostic reagent for 
tuberculosis in cattle, and in 1917 the Department developed a national 
program for the eradication of bovine tuberculosis. In 1917 the 
incidence of tuberculosis in cattle throughout the United States was 
estimated to be about 5%, with some states having infection rates as high 
as 50%. 
The tuberculosis eradication program of the USDA has been very 
effective, as evidenced by the incidence of tuberculosis in cattle which 
has now been reduced to about 0,1%. However, the low incidence of tuber­
culin reactors requires a more sensitive tool with which to detect the 
last remaining foci of infection. The Agricultural Research Service is 
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presently undertaking a project to develop a more sensitive and more 
specific diagnostic reagent for tuberculosis by evaluating the possi­
bility of using a purified protein derivative (PPD) of tuberculin made 
from Mycobacterium bovis. In addition to the present group, there are 
three other scientists leading investigations on this project: W. D, 
Richards, preparation of experimental tuberculin products; M. H. Bairey, 
bioassay of tuberculins with guinea pigs; and J. D. Roswurm, field 
testing of tuberculins with cattle. 
The objectives of this project are to determine the physical, 
chemical, and immunological characteristics of a purified protein 
derivative of M. bovis. The immediate goals of this project were three­
fold: (1) to obtain basic information about the composition of purified 
protein derivatives from M. bovis; (2) to determine the feasibility of 
using additional methods to enhance the purity of the product; and (3) to 
develop suitable criteria for establishing quality control procedures 
that will indicate the purity of this product. 
This thesis has been divided into three parts to improve readability, 
as well as for convenience of reporting data. Part I covers the phase of 
this project involved in the determination of the general characteristics 
of tuberculins made from concentrated culture filtrates of M. tuber­
culosis . These tuberculins are important because they represent the 
diagnostic reagents that have been used in the past. The "BAI-Tuberculin" 
represents the type of product used for the diagnosis of tuberculosis in 
cattle from 1903 to 1934, and the "ARS-Tuberculin" represents the type of 
product used from 1934 to the present. Part II describes our 
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investigations of the characteristics of some preliminary batches of 
purified protein derivatives from M. bovis. Part III describes our work 
on the physical, chemical, and immunological characteristics of two 
purified protein derivatives of M. bovis that are currently being 
evaluated with large-scale testing in cattle. 
Extensive knowledge of these pertinent characteristics of tuber­
culin is necessary before this type of a product can be accepted as a 
standard reagent to be used for the veterinary diagnosis of bovine 
tuberculosis. 
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REVIEW OF THE LITERATURE ' 
Tuberculin is probably the oldest biological product that is still 
being prepared in a manner similar to the way that it was m^ de when first 
described. In the eighty years since Koch described tuberculin, many 
investigators have been interested in its properties because of its high 
degree of biological activity and the unusual mode of immunological 
response it elicits. Although there have been a great number of papers 
presented describing work on tuberculin, there are still many questions 
about its nature that remain unanswered. Since this work is primarily 
concerned with only a small facet of the total work that has been done on 
tuberculin, only those papers will be cited that are considered to be 
necessary to develop the proper background for this investigation. There 
are several good review articles that provide a general history of the 
work on tuberculin (1, 23, 46, 49, 52, 56, 65, 71). Most of this work 
has been done with M. tuberculosis, with only a very small portion of the 
work having been done with M. bovis. Our interest in the characteristics 
of a tuberculin from M. bovis is based on the need for a better diagnostic 
agent to detect tuberculosis in cattle. 
Many other methods have been tried, but the most readily recognized 
immunological sign of infection with the tubercle bacillus is the skin 
reaction to tuberculin. Circulating antibodies have also been demon­
strated in the sera of infected men or animals by agglutination tests with 
protein, polysaccharide, or lipid antigens attached to red blood cells 
(7, 60, 66, 70), bentonite particles (9, 75), or latex particles (17), 
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and by immunodiffusion tests C37, 42, 61), However, none of these tests 
have yet received the wide acceptance that the skin test has received. 
In 1891, Koch reported that soluble cell substances or substances in 
the culture filtrate of the tubercle bacillus would cause a demonstrable 
reaction in animals infected with tuberculosis. He described a product 
in which the culture filtrate was concentrated by evaporation to about 
one-tenth the original volume. This procedure also concentrated many of 
the nonvolatile substances that remained in the glycerol-beef broth that 
was used for the growth medium. The concentrated product was called 
"Koch's Old Tuberculin" or "KOT." Another term, "Old Tuberculin" or 
"OT," generally refers to a tuberculin made from a heat-concentrated 
culture filtrate. The term PPD (purified protein derivative) describes a 
tuberculin product that has been partially purified by precipitation. 
Ammonium sulfate or trichloroacetic acid are the most common precipi­
tating agents employed, although many other fractionation methods have 
been used experimentally (2, 4, 15, 26, 41, 51, 78). Commercial tuber­
culin has generally been prepared from M. tuberculosis, the human type of 
tubercle bacillus, although other tuberculins have been prepared from 
M. bovis, Mycobacterium avium, and many other mycobacteria. 
In 1903, Dorset working for the Department of Agriculture, isolated 
three strains of M. tuberculosis (C, Pn, and Dt) from tuberculous children 
in a Washington, D.C., hospital. Since that time, these strains have been 
used worldwide for the production of tuberculin for both human and animal 
use. 
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From 1903 until 1934, the tuberculins used for the detection of 
tuberculosis in cattle were prepared from these three strains of M. 
tuberculosis that were grown on a beef-infusion-glycerol broth; In 1934, 
Henley and Le Duc (24) developed a synthetic medium which utilized 
asparagine, instead of beef infusion, as the source of nitrogen. Since 
1934, all the tuberculin used in the United States for the detection of 
tuberculosis in cattle has been prepared from the three strains of M. 
tuberculosis grown on a synthetic medium containing either asparagine or 
ammonium glutamate as the primary source of nitrogen (5, 16). However, 
other countries have been using different tuberculin products than these 
for the detection of tuberculosis in cattle. Scientists in Canada (30, 
31), England (21, 22, 34), the Netherlands (73), and South Africa (H. H. 
Kleeburg, unpublished material) have been working with purified protein 
derivatives obtained from several strains of mycobacteria for their work 
with cattle. 
Work on the detection of tuberculosis in humans has taken a different 
path than the veterinary field has followed, primarily due to the efforts 
of Seibert al. Dr. Seibert spent much of her lifetime working on 
characterization of the components of tuberculin (3, 45-64, 72) and has 
made many contributions toward improved diagnostic reagents for detecting 
tuberculosis. In 1941, Seibert et al. prepared a purified protein 
derivative (PPD-S) of M. tuberculosis which has since been accepted as a 
national and international standard for PPD-tuberculin. Most of the work 
in the field of human medicine was naturally based on work with human 
strains of mycobacteria. 
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Since Koch's time, many investigators have made attempts to improve 
and purify the active components present in tuberculin (10, 13, 15, 26, 
38, 39, 41, 43, 45, 48, 51, 53, 76-78). The main constituents of tuber­
culin are proteins, peptides, carbohydrates, and nucleic acids. The 
proteins are contained in the major fraction that possesses the ability 
to produce the specific tuberculin skin reaction (11, 45, 47, 51, 56, 62, 
63, 72), although some activity has been attributed to the carbohydrate 
fraction (11, 44, 47, 51, 64), and some activity to polypeptides (66, 67), 
and nucleic acids (79). Recently, protoplasmic peptides have been 
Isolated from ruptured whole cells (6, 12, 68, 69). These purified 
protoplasmic peptides, with an estimated molecular weight of 4000 to 
5000, are able to produce tuberculin-type activity (69). The present 
work is directed toward identifying some of the chemical, physical, and 
immunological characteristics of purified protein derivatives of M. bovis. 
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PART I 
PRELIMINARY STUDIES ON BAI~TUBERCULIN AND ARS~TUBERCULIN 
Materials and Methods > 
Source of tuberculins 
BAI-tuberculin This tuberculin was made according to the same 
formulation as was used by the U.S. Department of Agriculture prior to 
1934. The tuberculin is a concentrated filtrate containing the growth 
products from three strains (C, Pn, and Dt) of M. tuberculosis grown on 
a medium made with beef infusion. This product was prepared* recently 
at the National Animal Disease Laboratory. 
ARS-tuberculin This tuberculin is the reagent currently being 
used by the U.S. Department of Agriculture for the diagnosis of bovine 
tuberculosis. Like BAI-tuberculin, it is also a concentrated filtrate 
from the same three strains of M. tuberculosis, except that a synthetic 
medium was used to support growth instead of a beef infusion medium. 
This product was made commercially under contract conditions set forth 
by the Agricultural Research Service, USDA. 
Physical tests 
Disc electrophoresis Analytical samples were assayed by disc 
electrophoresis with the Buchler system (Buchler Instruments, Fort Lee, 
*This experimental tuberculin was prepared according to the old 
formulation by W. D. Richards, Leader, Mycobacteriology, Diagnostic 
Services, National Animal Disease Laboratory, Ames, Iowa. 
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New Jersey) using a modification of the technique described by Laemmli 
(29). The samples were subjected to electrophoresis at neutral pH or at 
a high pH (8.35) on columns containing 7.5% gel that were approximately 
10 mm in diameter and 200 mm in length. After electrophoresis, the gels 
were stained with Commassie Blue, then destained for several days with 
methanol-acetic acid solution. Details of these procedures are described 
in the Appendix. 
Ultracentrifugation The samples used for ultracentrifugation 
analysis were first concentrated, and most of the low molecular weight 
components removed, by means of an ultrafiltration cell (Amicon 
Corporation, Lexington, Massachusetts) equipped with a UM2 membrane 
which has a molecular weight retention limit of approximately 1000 
daltons. One-tenth ml of the concentrated material was layered on the 
top of a sucrose gradient with concentration range of 5 to 30 percent 
sucrose. The test material was centrifuged for 19 hours at approximately 
100,000 X G in a SW-50 swinging-bucket type head in a model L-2-50 
ultracentrifuge (Beckman Instruments, Fullerton, California). 
After centrifugation, the relative separation of the components 
present in the test material was determined by pumping the centrifuged 
material from the bottom of the tube while the optical density of the UV 
absorptive material was being monitored at a wavelength of 254 nm. The 
differences in optical densities of the various fractions were determined 
(Uvicord, LKB Instruments, Rockville, Maryland) and recorded with a strip 
chart recorder while the individual fractions were collected manually. 
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Isoelectric focusing The test samples used for the isoelectric 
focusing studies were concentrated and the low molecular weight components 
were removed as described above. A modification of the method described 
by Vesterberg ^  (74) was used to separate components of the tuber­
cular material in a column of 110 ml capacity designed for isoelectric 
focusing (LKB Instruments, Rockville, Maryland). The carrier ampholytes 
were selected to give a pH gradient between pH 3 and 10. After focusing 
for 18 hours with a potential of about 500 volts, the pH of the fractions 
was measured with an expanded scale pH meter (Beckman Instruments, 
Fullerton, California). The relative amounts of protein in the fractions 
were estimated by measurements of the optical density at 254 nm, as 
described above, and the fractions were collected manually in 5 ml 
aliquots. 
Electrophoresis Some of the samples were tested as received, but 
some of the material was also concentrated by ultrafiltration as described 
above before being tested. The electrophoretic separations were made 
using cellulose acetate membranes CBrinkman Instruments, Westbury, 
New York) and high resolution Tris-Barbital-Sodium Barbital Buffer 
(Gelman Instrument Company, Ann Arbor, Michigan) at pH 8.8 and ionic 
strength of 0.05 with a voltage of 250 volts for 25 minutes. Four 
samples, containing approximately 0.44 microliters of each sample, were 
placed on each membrane. After the samples had migrated electrophoret-
ically, they were fixed with 3% trichloroacetic acid containing Ponceau S 
dye. The electrophoretic patterns were determined with a photoelectric 
densitometer (Model RllO, Beckman Instruments, Fullerton, California) with 
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the density of the membranes evaluated at 600 nm. Details of the 
procedures are described in the Appendix. 
Chemical tests 
Nitrogen test The total nitrogen content of these samples was 
determined on duplicate 15 ml samples by using the Kjeldahl procedure. 
The precipitable nitrogen content of the samples was determined on the 
material precipitable with 4% trichloroacetic acid also by using the 
Kjeldahl procedure. The results are reported as mg of nitrogen per ml. 
Carbohydrate test The carbohydrate content of the samples was 
determined by a modification of the anthrone-sulfuric acid method as 
described by Koehler (27). Glucose was used for the standard, and 
results are reported in ug of carbohydrate per ml. Details of the 
procedure are described in the Appendix. 
Ribonucleic acid test The ribonucleic acid (RNA) content of the 
samples was determined by using a modification of the ethidium bromide 
method described by Le Pecq and Paoletti (32, 33), Ribonucleic acid 
(Sigma Chemical Company, St, Louis, Missouri) was used as the standard, 
and results are reported in ug of RNA per ml. Details of the fluoro-
metric procedure using a spectrophotofluorometer (American Instrument 
Company, Silver Springs, Maryland) are described in the Appendix. 
Deoxyribonucleic acid test Deoxyribonucleic acid (DNA) content 
of the samples was determined by using a modification of the ethidium 
bromide method (32, 33). Deoxyribonucleic acid (Sigma Chemical Company, 
St. Louis, Missouri) was used as the standard and the results are reported 
in ug of DNA per ml. The details of the fluorometric procedure using a 
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spectrophotofluorometer (American Instrument Company, Silver Springs, 
Maryland) are given in the Appendix. 
Immunological tests 
> 
Production of immune sera Four adult white rabbits were injected 
with each antigen. Each antigen (tuberculin) was diluted with phosphate 
buffered saline (PBS) to a concentration of approximately 2 mg of 
protein per ml and was mixed with an equal volume of Freund's incomplete 
adjuvant (Baltimore Biological Laboratories, Cockeysville, Maryland). 
The adjuvant-antigen mixtures were emulsified by vigorous shaking. Each 
rabbit received six subcutaneous injections of 2.5 ml of antigen, 
alternating weekly between the -ventral areas adjacent to the front and 
rear legs. After the seventh week of the injection schedule, a trial 
bleeding of 10 ml was taken from one rabbit from each group. The 
rabbits then received two weekly intramuscular injections of 2.5 ml of 
an aqueous solution of the same antigen as used for primary injection at 
a concentration of 1 mg of protein per ml. After the ninth week of the 
injection schedule, another 10 ml sample of blood was taken from one 
rabbit from each group. 
A fifty ml volume of blood was obtained from a normal rabbit and 
the blood was immediately mixed with an equal volume of Alsever's 
solution. These red blood cells were washed three times with PBS, with 
centrifugation in between each washing, and then the packed red blood 
cells were treated in the following manner: The ARS-tuberculin was 
diluted to a concentration of approximately 0.5 mg of protein per ml 
and then was mixed with 3 ml of packed rabbit red blood cells in a ratio. 
13 
of 40 to 1. The BAI-tuberculin was diluted to approximately 0.16 mg of 
protein per ml and was mixed with 3 ml of packed rabbit cells in a ratio 
of 120 to 1. The antigen-red blood cell mixture was incubated at 37° 
for two hours to permit adsorption of the antigen by the red blood cells. 
The cell suspension then was centrifuged and the cells were washed with 
PBS to remove unadsorbed antigen. The cells were resuspended in PBS to 
a concentration of approximately 5%. 
Two of the rabbits that had previously received the BAI-tuberculin 
and two of the rabbits that had received the ARS-tuberculin were given 
another series of aqueous antigen injections of 5 ml each intramuscularly, 
during the tenth and eleventh weeks of the immunization protocol. The 
other rabbits from each of the groups received Bfo weekly intravenous 
injections of 10 ml each of the red blood cell adsorbed antigen suspension 
during the tenth and eleventh weeks of the injection schedule. The red 
blood cell adsorbed antigens contained approximately 10 mg of the antigen 
per ml assuming that the antigens were completely adsorbed. 
After the thirteenth week of the injection schedule, all rabbits 
were sacrificed, the blood was allowed to clot, and the sera were 
separated by centrifugation. 
Immunodiffusion tests Samples of the tuberculins were subjected 
to immunodiffusion studies with the rabbit antisera using modifications 
of the methods of Crowle (13), Lind (35-37), and Richards (42). 
Details of the immunodiffusion tests are described in the Appendix. 
Hemagglutination tests Samples of the tuberculins were tested by 
a modification of the Middlebrook-Dubqs passive hemagglutination test as 
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described by Takahashi et al. (70); Konyha and Kreir (28), and Richards 
(personal communication). Details of the modified method are described 
in the Appendix. 
Lectin precipitation tests Agar gel diffusion plates were 
prepared containing 1% Nobel Agar (Difco, Inc., Detroit, Michigan) in 
O.OIM phosphate buffered saline, pH 7.2. Saline extracts were prepared* 
from ground-up kidney beans, lima beans, jack beans (Viola faba), 
Alaskan peas, and seeds of Ricinus communis and Datura metaloides. Con-
canavalin A (Calbiochem, Los Angeles, California), a lectin from the 
jackbean (Canavalia ensiformis), was diluted to contain 5 mg per ml. The 
lectins were placed in the center well of the gel diffusion plates and 
the samples of tuberculin were placed in the outer wells. The gel 
diffusion plates were placed in a humid atmosphere at 37° C, and were 
observed twice daily to determine the presence of precipitin lines. 
Results and Discussion 
The tests on the BAI-tuberculin and ARS-tuberculin were performed 
in order to make comparisons of these tuberculins with each other as 
well as with the PPD-tuberculins in the later experiments. The results 
of disc electrophoresis at two different hydrogen ion concentrations are 
schematically presented in Figure 1 and the tracings of the electro— 
phoretic patterns on cellulose acetate are presented in Figure 2, These 
*The legume seeds and several of the extracts were kindly supplied by 
Dr. Wilmer Miller, Genetics Laboratory, Iowa State University, Ames, 
Iowa. 
Figure 1. Schematic interpretation describing disc electro­
phoresis of "ARS-tuberculin" and "BAI-tuberculin" 
at high pH C8.3) and at neutral pH C7.0). 
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ARS-tuberculin - pH 8.3 
rh-
m^± iiin1i-'.'..t-i'lVii 
BAI-tuberculin - pH 8.3 
•. '• .•«.• — -V- a r-;— — i?w M4-
W-4. 
ARS-tuberculin - pH 7.0 
BAI-tuberculin - pH 7.0 
Figure 2. Representations of electrophoretic patterns of 
ARS-tuberculin, BAI-tuberculin, and bovine serum 
albumin on cellulose acetate to indicate degree 
of homogeneity. 
BAI-tubcrculin 
ARS-tuberculin 
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results indicate that both tuberculins are quite heterogeneous and, as 
might be expected, the BAI-tuberculin apparently contains more components 
than the ARS-tuberculin. Analysis of concentrated samples of both 
tuberculins by ultracentrifugation and by isoelectric focusing also 
indicated a multiplicity of components were present, 
A summary of chemical tests for total nitrogen, precipitable 
nitrogen, carbohydrate, RNA, and DNA are presented in Table 1, These 
results also indicate that there is a significant difference in the 
composition between the BAI-^ tuberculin and the ARS—tuberculin, although 
there were measurable differences among the four serials of ARS--
tuberculins tested. The BAI-tuberculin had higher levels of total 
nitrogen, carbohydrate, RNA, and DNA than did the ARS-tuberculins. Some 
of these differences were presumably due to the differences in composition 
of the mycobacterial growth medium as the BAI-tuberculin was made with 
beef infusion medium rather than a synthetic medium. The BAI-tuberculin 
also had a significantly lower level of precipitable nitrogen than the 
ARS-tuberculins. The precipitable nitrogen level is generally considered 
to be an indication of the amount of active principle in tuberculin. 
The serological tests were performed for two reasons: to determine 
the immunizing ability of the tuberculins as measured by means of 
immunodiffusion and passive hemagglutination tests for anti-tuberculin 
antibodies, and to prepare specific antibody against the tuberculins that 
#ight be used as an analytical tool to determine the homogeneity of 
tubercular proteins. The rabbits -used for this immunization study were 
hyperimmunized extensively over a thirteen week period. During the first 
Table 1. Summary of the chemical test results of tuberculins from concentrated whole culture 
filtrates from M, tuberculosis 
Total N 
mg/ml 
Ppt N 
mg/ml 
Protein 
(ppt Nx6.25) 
mg/ml 
Carbohydrate 
ug/ml 
RNA 
ug/ml 
DNA 
ug/ml 
BAI-Tuberculln 8910 8.6 0.27 1.69 2850 388 156 
ARS-Tub erculln 128 2.0 0.42 2.63 1425 187 113 
ARS-Tuberculln 142 2.4 0.38 2.34 2625 249 81 
ARS-Tub er culln 3954 2.4 0.41 2.56 1660 224 33 
ARS-Tuberculln 8043 2.2 0.43 2.69 1725 266 97 
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. six weeks, the rabbits received weekly subcutaneous injections of 2,5 mg 
of the tubercular protein in Freund's (incomplete) adjuvant. Immuno­
diffusion tests with a trial bleeding of the rabbits after the seventh 
week of immunization indicated production of only moderate levels of 
precipitating antibody. During the seventh and eighth weeks, the 
rabbits each received intramuscular injections of 2.5 mg of the non-
adjuvanted tubercular protein. Immunodiffusion tests run on serum from 
blood samples taken after the ninth week of immunization also indicated 
the presence of only moderate levels of precipitating antibody. 
Numerous modifications of immunodiffusion tests were tried in an 
effort to enhance the sensitivity of the precipitin reaction. Source of 
agar, concentration of agar, sodium chloride content of gels, and 
migration distances were altered in an effort to enhance detectability 
of the precipitin lines. The only method that seemed to indicate some 
success is the one that is described in the Appendix. Other investi­
gators, especially Lind (35-37), have been able to demonstrate many 
precipitin lines in their work with tuberculins. The main difference 
between most other investigations and the present work is that in their 
work the rabbits were immunized with the unheated culture filtrate or 
filtrate plus bacterial cells. It has been noted by several workers 
that unheated filtrates are more antigenic than heated filtrates. In 
this work, it was deemed desirable to omit the cellular adjuvant and 
to immunize the rabbits with only the tuberculin. The presence of 
cells in the antigen material would likely enhance the antibody 
production similar to the use of Freund's complete adjuvant; however, 
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the presence of cells might also introduce additional, but perhaps non­
specific, antigenic material. The immune rabbit sera were also tested 
by the passive hemagglutination test, which also indicated presence of 
a moderate titer. 
A novel method of immunization was developed in a last effort to 
produce an adequate level of precipitating antibody for a good immuno­
diffusion test against tuberculin. In this, the preparation of the 
antigens was similar to that normally used to sensitize the sheep red 
blood cells in the passive hemagglutination test, except that the antigens 
were adsorbed on to red blood cells obtained from a normal rabbit. The 
BAI-tuberculin had to be diluted during the adsorption procedure, as 
initially it would lyse the rabbit red blood cells. Ten ml quantities of 
the antigen-red blood cell mixture containing approximately 10 mg of 
antigen per ml, were injected intravenously into half the rabbits in 
each group during the tenth and eleventh weeks, while the rest of the 
rabbits received corresponding intramuscular injections. This method of 
immunization permitted the introduction of approximately 100 mg of 
antigen intravenously during two consecutive weeks. Normally, the 
introduction of this amount of antigenic material into the blood stream 
of a previously sensitized animal would cause immediate shock, resulting 
in death. Surprisingly, in this whole immunization project, twelve 
rabbits received injections of the antigen-red blood cell mixture, but 
only one rabbit died. This rabbit indicated signs of trauma immediately 
after the first injection, but survived until approximately 48 hours 
after the injection. 
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Results of the immunization studies clearly indicated that the BAI-» 
tuberculin and the ARS-tuberculin are immunogenic, insofar as they will 
cause the formation of antibody as detected by both the immunodiffusion 
and passive hemagglutination tests. The passive hemagglutination titers 
of the rabbit sera were approximately 1:512 for the BAI-tuberculin, and 
1:256 for the ARS-tuberculin. There were very little differences in 
titers of the sera from the animals that received the RBC-antigen 
mixture and those that were conventionally immunized. Immunodiffusion 
titers of these sera were approximately 1:1280 for the BAI-tuberculin and 
1:640 for the ARS-tuberculin. In all cases, the resulting precipitin 
bands were very faint. In some cases, there was an apparent increase in 
immunodiffusion titer in the sera from the animals that received the 
RBC-antigen mixture. Initially, it was planned that the immunodiffusion 
tests could also be used as an analytical tool for the identification of 
homologous proteins. Many modifications of the immunodiffusion test 
were tried, but only the methods described in the Appendix provided any 
worthwhile results. Evidently there is only a small amount of precipitin 
formed in the antisera by these antigens, as the only diffusion tests 
that indicated any promise required that a large amount of antisera be 
allowed to migrate a very short distance to meet the antigen. The 
requirement for large amounts of antisera and short migration distances 
were met by using funnel-shaped antibody wells in the plastic template in 
the procedure described, or by using penicylinders such as those used for 
antibiotic assays. The plastic template procedure provided a good means 
of determining the titer of the sera, but was not suitable for determining 
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homology of the tubercular proteins. Immunodiffusion plates were 
prepared with penicylinders in an effort to determine the relationship 
between several test tuberculins and the prepared antisera. Precipitin 
lines were formed between some antigen-antibody combinations, but they 
were too vague to provide a good analytical comparison; thus, it was 
concluded that the use of immunodiffusion tests as an analytical tool 
for the identification of homologous proteins present in these tuber­
culins was unsatisfactory. Failure to produce a large amount of antibody 
was disappointing in this respect, but it also indicated that these 
tuberculins were rather poor immunogens which is a desirable character­
istic of skin-testing reagents. 
Goldstein and Misalci (20) reported the reaction of an arabino-
galactan from the cell wall of M. bo vis with the lectin, Concanavalin A. 
Lectins are plant globulins that are capable of specific interactions 
with certain carbohydrates and glycoproteins. Since these tuberculins 
contained a considerable amount of polysaccharide, it was decided to 
study the reactions between these tuberculins and several different 
lectins. Agar gel diffusion plates were prepared to investigate the 
formation of precipitin lines between the tuberculins and extracts of 
kidney beans, lima beans, jack beans (Viola faba), Alaskan peas, and 
seeds of Ricinus communis and Datura metaloides, as well as with 
Concanavalin A. The extracts from kidney beans, lima beans, jack beans, 
Alaskan pea, and seeds from Ricinus communis failed to indicate the 
formation of any precipitin lines and the extract from the seeds of 
Datura metaloides produced only faint precipitin lines with either 
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tuberculin. Concanavalin A formed strong precipitin lines with both 
tuberculins; two precipitin lines with the ARS-tuberculin, and three 
precipitin lines with the BAI-tuberculin. The presence of several 
precipitin lines would likely reflect the presence of several species 
of polysaccharide with different diffusion rates. The lectin 
precipitation findings were not explored any further with these tuber­
culins, but the technique was later used with the purified protein 
derivatives. It was later found that Daniel and Wisnieski (14) have 
also reported the formation of precipitin lines between Concanavalin A 
and culture filtrates from M. tuberculosis. 
26 
PART II 
.CHARACTERISTICS OF PRELIMINARY BATCHES OF 
PURIFIED PROTEIN DERIVATIVES FROM M. BOVIS 
Materials and Methods 
Source of tuberculins 
Experimental tuberculins Fourteen batches of purified protein 
derivatives from bovis have been prepared* for evaluation of their 
characteristics as diagnostic tuberculin reagents. Some of the batches 
were fractionated using trichloroacetic acid (TCA) and the remainder, 
using ammonium sulfate (AS). Fractionation procedures designed by 
Richards, Pemberton, and Eacret have been schematically described by 
Richards* (see diagram in Appendix). 
A summary of the production conditions of the various batches 
describing the production organism, type of growth medium, yield of PPD 
per liter, and final treatment is given in Table 2. 
Physical test 
Electrophoresis Electrophoretic analyses of the samples were 
conducted in a manner similar to that described in Part I. 
Chemical.tests 
Protein test The nitrogen contents of the samples were determined 
in triplicate by using the microkjeldahl procedure (25). The protein 
*These experimental tuberculins were prepared by W. D. Richards, Leader, 
Mycobacteriology, Diagnostic Services, National Animal Disease 
Laboratory, Ames, Iowa. 
Table 2. Summary of the production conditions of preliminary batches of purified protein 
derivatives of M. bovls 
Sample 
identification 
Method of 
precipitation* 
Production 
orRanlsm 
Growth 
medium 
Yield of PPD 
mg per liter of 
culture filtrate 
Final 
treatment 
PPD-Pre-TCA TCA N, bovls, 110 Reids 220 Lyophilized 
PPD-l-TGA TCA M. bovls, 110 Raids 180 Lyophllized 
PPD-l-AS AS M. bovls. 110 Reids 70 Lyophilized 
PPD-2-TCA TCA M. bovls, 110 Reids 120 Lyophilized 
PPD-2-AS AS M. bovls, 110 Reids 50 Lyophilized 
PPD-3-TCA TCA M. bovls, 110 Reids 450 Lyophilized 
PPD-3-AS AS M. bovls, 110 Reids 200 Lyophilized 
PPD-4-TCA TCA M. bovls, 110 Reids 180 Lyophilized 
PPD-4-AS AS M. bovls, 110 Reids 100 Lyophilized 
PPD-5-TCA TCA M. bovls. 110 Reids 140 Preserved 
with phenol 
PPD-5-AS AS M. bovls, 110 Reids 120 Preserved 
with phenol 
PPD-6-TCA TCA M. bovls, An5 Longs 220 Preserved 
with phenol 
PPD-6-AS AS M. bovls, An5 Longs 110 Preserved 
with phenol 
PPD-7-TCA TCA M. bovls, An5 Reids 310 Preserved 
with phenol 
T^CA - trichloracetic acid; AS - ammonium sulfate. 
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content of the samples was estimated by multiplying the nitrogen content 
by 6.25, and the results are reported as mg of protein per ml. 
Carbohydrate test The carbohydrate content of the samples was 
determined as described in Part I, and the results are reported as ug of 
carbohydrate per ml. 
Ribonucleic acid test The ribonucleic acid content of the 
samples was determined by both the orcinol method (40) and the -modified 
ethidium bromide method (32, 33). Both procedures are described in the 
Appendix, Ribose was used as the standard for the orcinol method and 
ribonucleic acid was used with the ethidium bromide procedure. The 
results are reported in ug per ml. 
Deoxyribonucleic acid test The deoxyribonucleic acid content of 
the samples was determined by the diphenylamine method (8) and the 
modified ethidium bromide method (32, 33). Both procedures are described 
in the Appendix. Deoxyribose was used as the standard for the 
diphenylamine method and deoxyribonucleic acid was used for the ethidium 
bromide method. The results are reported in ug per ml. 
Tnmiunological tests 
Allergenic activity The relative allergenic activities of the 
preliminary batches of the PPD's from M. bovis were determined* by 
comparing the activity in guinea pigs which had been sensitized 35 days 
previously with an adjuvanted cell suspension of killed M. bovis 
*The determination of the relative allergenic activity was performed by 
M. H. Bairey, Head, Aerobic Bacteriology Section, Biologies Services, 
National Animal Disease Laboratory, Ames, Iowa. 
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organisms. The relative activities were estimated by comparing the area 
of erythema caused by dilutions of the experimental PPD with the area of 
erythema caused by a standard PPD. The dilutions of the preliminary 
batches of PPD's were all adjusted in such a manner that they were 
compared on the basis of an equivalent amount of protein. 
Results and Discussion 
The physical and chemical tests were performed to provide some 
estimation of the purity of the PPD's as well as to provide some 
estimate of the amount of variability that could be expected from 
batch to batch. Another purpose of this study was to determine what 
differences, if any, were apparent between the trichloroacetic acid and 
ammonium sulfate methods of fractionation. 
Tracings of the densitometer recorder scans of the electrophoretic 
strips indicating the migration of the samples on cellulose acetate 
membranes are shown in Figure 3. A tracing of a sample containing 10 mg 
of bovine albumin per ml is also given in order to provide a point of 
reference. The electrophoretic analyses would indicate that all of the 
samples were heterogeneous, when compared to the migration pattern of 
bovine albumin. In most cases, the tuberculin samples prepared with 
trichloroacetic acid appeared to be more heterogeneous than those 
prepared with ammonium sulfate. 
The results of the tests for protein, total carbohydrate, ribose, 
ribonucleic acid, deoxyribose, and deoxyribonucleic acid are presented in 
Table 3. The results in this table that are given in parentheses are 
Table 3. Summary of teat results on preliminary batches of purified protein derivative of 
M. bovls (values in parentheses denote results per mg protein) 
Sample Protein Carbohydrate Ribose RNA Deoxyribose DNA 
identification mg/ml ug/ml uff/ml UK/ml us/ml us/ml 
PPD-Pre-TCA 6.48 9 (1.4) 31 (4.8) 80 (12.3) • • • 
PPD-l-TCA 9.14 28 (3.1) 60 (6.6) 792 (87) 233 (25.5) 1247 (136) 
PPD-l-AS 6.09 6 (1.0) 22 (3.6) 0 17 (2.8) 18 (3.0) 
PPD-2-TCA 4.39 13 (3.0) 46 (10.5) 676 (154) 83 (18.9) 466 (106) 
PPD-2-AS 2.03 2 (1.0) 9 (4.4) 0 10 (5.0) 26 (13) 
PPD-3-TCA 14.33 76 (5.3) 141 (9.8) 1509 (105) 459 (32) 1430 (100) 
PPD-3-AS 14.43 12 (0.8) 39 (2.7) 0 44 (3.0) 63 (4.4) 
PPD-4-TCA 11.19 56 (5.0) 103 (9.2) 589 (381) 381 (34) 698 (62) 
PPD-4-AS 6.36 12 (1.9) 25 (3.9) 10 (1.6) 16 (2.5) 19 (3.0) 
PPD-5-TCA 3.15 12 (3.8) 26 (8.3) 396 (126) 161 (51) 175 (56) 
PPD-5-AS 5.39 13 (2.4) 17 (3.2) 21 (3.9) 19 (3.5) 22 (5.9) 
PPD-6-TCA 3.68 5 (1.4) 24 (6.5) 198 (54) 42 (11) 61 (17) 
PPD-6-AS 2.62 9 (3.4) 23 (8.8) 0 2 (0.8) 8. 8 (3.3) 
PPD-7-TCA 10.36 60 (5.8) 99 (9.6) 721 (70) 660 (64) 560 (54) 
Average composition of 
PPD-AS per mg protein (1.8) (4.4) (1.0) (2,9) (5.4) 
Average composition of 
PPD-TCA per mg protein (3.6) (8.2) (93) (31) (76) 
Figure 3. Representations of electrophoretic patterns of 
preliminary batches of PPD tuberculins and bovine 
serum albumin on cellulose acetate to indicate 
degree of homogeneity. 
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results adjusted on the basis of a milligram of protein. This adjustment 
was made because the precipitated material was reconstituted to a 
convenient volume and had a variable protein concentration in each of the 
preparations. With few exceptions, the tuberculin samples prepared with 
trichloroacetic acid contained more impurities (twice the carbohydrate 
and much more nucleic acid) than the comparable product prepared with 
ammonium sulfate. However, there was a considerable batch to batch 
variation in the chemical composition of these products. Also, there 
was a considerable difference in the results obtained for the ribose 
and ribonucleic acid and the deoxyribose and deoxyribonucleic acid tests 
by the two different methods. Primarily, the tests for ribose and 
deoxyribose are based upon the reaction with the sugar moiety of the 
nucleic acid whereas the ethidium bromide test is based upon reaction 
with the nucleic acids themselves. Further evaluation of these methods 
will continue, but at this point it appears that the ethidium bromide 
test is more indicative of the true nucleic acid content of the samples. 
The results of the allergenic tests in guinea pigs are shoim 
graphically in Figure 4a for the samples fractionated with trichloro­
acetic acid, and the results of the samples fractionated with ammonium 
sulfate are given in Figure 4b. All samples were diluted to ah equivalent 
protein concentration prior to being tested in guinea pigs, in order to 
make valid comparisons. There was an obvious difference in allergenic 
activity amongst the various batches. Except for batch number 2, there 
was not too much difference in the allergenic activity of the comparable 
Figure 4a. Relative allergenic activity of PPD-tuberculins 
fractionated with trichloroacetic acid. Each 
line represents the average response obtained 
from 0.1 ml injections at eight random sites on 
each of 20 guinea pigs. 
Figure 4b. Relative allergenic activity of PPD-tuberculins 
fractionated with ammonium sulfate. Each line 
represents the average response obtained from 
0.1 ml injections at eight random sites on each 
of 20 guinea pigs. 
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batch* whether it was precipitated with ammonium sulfate or trichloro­
acetic acid. Evidently, the production conditions (including medium, 
strain of organism, and yield) have a greater influence on the allergenic 
activity than does the method of precipitation. 
*The number indicates a production lot that was, inmost cases, divided 
into two batches with each batch being precipitated with a different 
agent. 
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PART III 
CHARACTERISTICS OF SELECTED EXPERIMENTAL 
PPD-TUBERCULINS FROM M. BOVIS 
Materials and Methods 
Source of tuberculins 
PPD-5AS This tuberculin is an experimental purified protein 
derivative of the growth products from M, bovis, strain 110, grown on a 
synthetic medium. This product was obtained by fractionation with 
ammonium sulfate and was prepared* at the National Animal Disease 
Laboratory. 
PPD-7TCA This tuberculin is an experimental purified protein 
derivative of the growth products from M. bovis, strain An5, grown on a 
synthetic medium. This product was obtained by fractionation with 
trichloroacetic acid and was prepared* at the National Animal Disease 
Laboratory. 
Physical tests 
Electrophoresis The electrophoretic analysis of the samples was 
conducted in a manner similar to that described in Part I. 
Disc electrophoresis Analysis of the samples using disc gel 
electrophoresis was similar to that described in Part I. 
*These experimental tuberculins were prepared by W. D. Richards, 
Leader, Mycobacteriology, Diagnostic Services, National Animal Disease 
Laboratory, Ames, Iowa. 
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Ultracentrifugation The ultracentrifugation analysis of the 
samples was similar to that described in Part I. 
Isoelectric focusing A modification (adding 8M urea) of the 
method described by Vesterberg e£ ad. (74) was used to separate the 
material in a column of 110 ml capacity designed for isoelectric focusing 
(LKB Instruments, Rockville, Maryland). The carrier ampholytes were 
selected to give a pH gradient between pH 3 and 10 or pH 3 and 6. After 
focusing for 24 to 72 hours with a potential of about 500 volts, the 
relative separation of the components was determined by pumping the 
material from the bottom of the column while the optical density of the 
material was being monitored at a wavelength of 254 nm. The changes in 
optical density of the various fractions were determined (Uvicord, LKB 
Instruments, Rockville, Maryland) and recorded with a strip chart recorder 
with 5 ml fractions collected manually. The pH of the fractions was 
measured with an expanded scale pH meter (Beckman Instruments, Fullerton, 
California). The isoelectric focusing method of Friesen £t al. (19) using 
a nonionic detergent was also tried on the >300,000 fraction of PPD-5AS, 
but a precipitate was immediately formed when the tuberculin sample was 
added to the ampholytes. 
Ultrafiltration The samples were separated by passing them 
through a series of filters in a Model 50 ultrafiltration cell (Amicon 
Corporation, Lexington, Massachusetts). The ultrafilters are designed to 
retain substances with a specific molecular size. The filter designation. 
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retention size of the filter, and the theoretical size of the material 
obtained are given in Table 4. In some of the experiments, the XMIOOA 
filter was not utilized. 
Samples were forced through one filter at a time with the aid of 
pressure (about 75 PSI) from a tank of Freon 12. The retained material 
was washed with phosphate buffered saline and this material was concen­
trated to a small volume. The fractions so obtained were subjected to 
further testing as described. 
Table 4 Filter designation, retention size, and 
theoretical molecular size of material obtained 
by ultrafiltration fractionation procedure 
Filter 
designation 
Retention size 
(relative }nf) 
Theoretical molecular 
weight of fraction 
XM-100 300,000 >300,000 
XM-IOOA 100,000 100,000-300,000 
XM-50 50,000 50,000-100,000 
PM-30 30,000 30,000- 50,000 
13M-10 10,000 10,000- 30,000 
UM-2 1,000 1,000- 10,000 
Filtrate 
• • * 
0- 1,000 
Gel chromatography The samples were chromatographically 
separated by using Sephadex G-lOO or G-200 (Pharmacia Fine Chemicals, 
Inc., Piscataway, New Jersey) or Bio-Gel P-300 (Bio-Rad Laboratories, 
Richmond, California) or Agarose (Bausch and Lorab, Rochester, New York). 
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The gels were hydrated and the material eluted from the columns with 
O.OIM phosphate buffered saline, pH 7.2. A 1 x 30 cm column (Glass 
Engineering Company, Inc., Houston, Texas) was used for most of these 
experiments. Effluent from the column was monitored at a wavelength of 
254 nm. The changes in optical density produced in the effluent by the 
various fractions were determined (Uvicord, LKB Instruments, Rockville, 
Maryland) and recorded on a strip chart recorder with the fractions 
being collected manually. 
Chemical tests 
Protein test The nitrogen contents of the samples were determined 
in triplicate by using the microkjeldahl procedure (25). The protein 
content of the samples was estimated by multiplying the nitrogen content 
by 6.25, and the results are reported as mg of protein per ml. 
Alternate protein test The protein content of some of the 
samples was estimated by the biuret test. The biuret test procedure 
is described in the Appendix. The results are reported as mg per ml. 
Carbohydrate test The carbohydrate content of the samples was 
determined as described in Part I, and the results are reported as ug of 
carbohydrate per ml. 
Ribonucleic acid test The ribonucleic acid content of the 
samples was determined by the modified ethidium bromide method (32, 33). 
The procedure used is described in the Appendix. Ribonucleic acid was 
used as the standard and the results are reported in ug per ml. 
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Deoxyribonucleic acid test The deoxyribonucleic acid content of 
the samples was also determined by the modified ethidium bromide method. 
Deoxyribonucleic acid was used as the standard and the results are 
. -
reported in ug per ml. 
Immunological tests 
Production of immune sera The PPD-5AS and PPD-7TCA were used as 
antigens for the immunization of rabbits as described in Part I. Four 
adult white rabbits were immunized with each antigen. 
Immunodiffusion tests Samples of PPD-5AS and PPD-7TCA were 
subjected to immunodiffusion studies similar to those described in Part I. 
Hemagglutination tests Samples of PPD-5AS and PPD-7TCA were 
tested against immune rabbit sera by the passive hemagglutination test as 
described in Part I. 
Lectin precipitation tests Samples of PPD-5AS and PPD-7TCA, as 
well as samples of the >50,000 molecular size fractions separated by 
ultrafiltration, were tested with lectins as described in Part I. 
Allergenic activity The relative allergenic activities of the 
fractions of the PPD's from M. bovis were determined by comparing the 
activity in guinea pigs which had been sensitized at least 35 days 
previously with an adjuvanted cell suspension of killed M. bovis 
organisms. Each guinea pig received eight injections of 0.1 ml at 
randomly selected sites. A diagram describing the injection sites is 
presented in the Appendix. The relative activities of some of the 
fractions were obtained by comparing the area of erythema caused by 
injected dilutions of the various fractions against one another. 
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The relative activities of other fractions were estimated by com--
paring the area of erythema caused by dilutions of the experimental PPD 
with the area of erythema caused by a standard PPD, The dilutions of the 
whole and fractionated PPD's were all adjusted in such a manner that they 
were compared on the basis of an equivalent amount of protein. A dose-
response curve was established by plotting the area of erythema caused by 
0.3, 0.6, 1.2, and 2.4 ug dosages of the tuberculin. The tuberculin 
activity was calculated as the area of erythema caused by one microgram 
of protein of each test PPD. 
Results and Discussion 
The research was concentrated on the two selected tuberculins, PPD-
5AS and PPD-7TCA, because they appeared to be satisfactory from both a 
potency and a purity standpoint. These two products also represented 
both popular types of fractionation, ammonium sulfate and trichloroacetic 
acid, as well as two strains of M. bovis. Other tuberculins were also 
examined in brief experiments to provide additional information where it 
was deemed desirable. 
The electrophoretic patterns for both tuberculins (Figure 3) indicated 
that the products were quite heterogenous compared to the electrophoretic 
analysis of an albumin sample that contained a comparable amount of 
protein. Disc gel electrophoresis of both samples at high pH (8.35) and 
at neutrality also indicated that the tuberculins contained a number of 
components (Figure 5). Analysis of the effluent of both products after 
Figure 5. Schematic interpretation describing disc electro­
phoresis of PPD-5AS and PPD-7TCA at a high pH 
(8.3) and at neutral pH (7.0). 
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density gradient ultracentrifugation indicated a broad band with poor 
resolution of any distinct bands. 
Isoelectric focusing of both tuberculins over a pH gradient of 3 to 
10 also indicated the presence of many components. Many problems arose 
while trying to use the isoelectric focusing procedure. The bands seemed 
to resolve quite well but always formed a precipitate which settled down 
through the pH and sucrose gradient. Initially, the pH gradient was set 
up with the high pH at the top and the low pH at the bottom. However, 
under these conditions, the tuberculins always precipitated during 
resolution. Therefore, the electrodes were reversed in order that the 
proteins would have to rise to their isoelectric point and then if they 
were to precipitate, the material would fall into a region of higher pH 
and possibly redissolve. This still did not correct the problem of 
forming precipitates, nor did increasing the ampholyte concentration 
from 1 to 4 percent. The problem of precipitate formation was finally 
resolved by the addition of urea. In the procedure adopted, the lower 
electrode solution, the dense electrolyte solution, and the light 
electrolyte solution are all made to contain 8M urea. Other concentra­
tions of urea have not been tried as 8M urea works well with samples 
containing up to 20 mg of protein. Gel permeation chromatography on 
Sephadex G-lOO also indicated that both these tuberculins contained a 
number of components. 
Since both tuberculins appeared to be quite heterogeneous and to 
contain many components of various sizes, charges, and molecular weights, 
it seemed feasible to try to separate the components on the basis of their 
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difference in molecular weight. An experiment was designed to separate 
the components of both tuberculins, by means of ultrafiltration, into 
groups depending upon their molecular size. Fifty ml quantities of each 
of the tuberculins were consecutively passed through a series of ultra-
filters in such a manner that the tuberculins were separated into five 
groups (initially they were supposed to be divided into six groups but 
later on one of the filters was found to be defective). The protein 
content of each of the groups was determined by the biuret test and the 
tuberculin activity of each of the groups was determined by injecting 
sensitized guinea pigs. The dilutions of tuberculin were all adjusted 
so that the doses of each group contained an equivalent amount of protein. 
Two guinea pigs each received eight randomly placed 0.1 ml injections 
containing 0.3 ug, 0.6 ug, 1.2 ug, and 2.4 ug of protein, respectively, 
of the same fraction from both tuberculins. The theoretical molecular 
size, protein content, and biological activity of each of the treatment 
groups from both tuberculins are presented in Table 5. The protein 
content of each of the fractions was multiplied by the amount of activity 
(area of erythema per ug of protein) to determine the relative activity of 
each fraction. A significant (92 to 97) percent of the biologically-
active protein apparently has a molecular weight range of greater than 
50,000 as determined by ultrafiltration. This molecular weight is much 
larger than has been previously reported for an active tubercular protein. 
Another significant indication derived from this experiment is the 
similarity of activity among all the molecular weight fractions. These 
data are inadequate to justify any definite conclusions because of the use 
Table 5. Relative tuberculin activity of molecular fractions separated by ultrafiltration 
PPD-•5AS PPD--7TCA 
Molecular 
Exclusion 
Limits 
Protein 
Content 
(mg/ml) 
Relatlve 
Activity 
(mm /ug) 
Relative 
Activity 
Units 
Percent 
Relative 
Activity 
Protein 
Content 
(mg/ml) 
Relative 
Activity 
(mm^ /ug) 
Relative 
Activity 
Units 
Percent 
Relative 
Activity 
>50,000 92.0 142 13064 97.1 109 185 20165 92.9 
30,000 -
50,000 0.75 110 83 0.6 5.0 147 735 3.4 
10,000 -
30,000 4.0 72 288 2.1 8.5 88 748 3.4 
1,000 -
10,000 0.2 132 26 0.2 0.75 83 62 0.3 
<1,000 0 -a 0 _a 
o^t tested. 
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of too few animals, but these data do help support the contention that the 
active tubercular protein is a polymer composed of a number of sub-units 
of relatively small molecular weight. It would seem quite possible from 
that data that the basic unit has a molecular weight in the range of 1000 
to 10,000 and that the other fractions contain proteins composed of mul­
tiples of this basic unit, since all the fractions have essentially the 
same degree of biological activity per ug of protein. 
Since both tuberculins had the majority of their protein and bio­
logical activity separated into the fraction with the greater than 50,000 
molecular weight range, two additional experiments were designed to 
determine the purity of these fractions. Samples of the PPD-5AS (>50,000 
MW) and PPD-7TCA (>50,000 MlO were each subjected to isoelectric focusing 
with a pH 3 to 10 gradient in 8M urea. A tracing of the transmittance at 
254 nm of the effluent of both the electrofocusing columns is presented in 
Figure 6. The electrofocusing data would indicate that the >50,000 MW 
fraction of both PPD-5AS and PPD-7TCA are composed of several components 
with similar isoelectric points. Samples of the >50,000 JW fraction of 
PPD-5AS and PPD-7TCA were also subjected to gel chromatography. Figure 7 
presents a tracing of the transmittance at 254 nn of the effluent of both 
columns using Sephadex G-100. The >50,000 fraction of PPD-5AS is 
apparently composed of at least two components. The >50,000 MIf fraction 
of PPD-7TCA is apparently composed of two components that act in a 
similar manner to those in PPD-5AS, plus other material that separates in 
a manner intermediate to these two components. Sephadex G-200 and Bio-
Gel P—300 were also used to try to resolve the components of the >50,000 
FiRure 6. Effluent from isoelectric separation of >50,000 
fractions of PPJD-5AS C"*") and PPÛ-7TCA C*—)• 
The pH. of the effluent (—-) is also described. 
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MW fraction of PPD-7TCA, but the degree of resolution obtained was no 
greater than that with Sephadex G-100. Up to this point, it was believed 
that the >50,000 MI7 fraction was composed of material in the 50,000 to 
300,000 ^IW range, but it was later learned when doing the large scale 
experiment with PPD-5AS, that the filter (XîI-100) that should have 
excluded material with a molecular size greater than 300,000 must have 
been defective and allowed the high molecular weight material to be 
combined with material in the 50,000 to 300,000 range. The data have 
been corrected to indicate the large range of this fraction. The finding 
that the tuberculin material contained high molecular weight components 
explains in part the failure to completely resolve the material on G-200 
or P-300 gel filtration columns. 
The results of the passive hemagglutination and immunodiffusion 
tests were similar to those found with the concentrated culture filtrate 
tuberculins. The results of the immunization studies clearly indicate 
that PPD-5AS and PPD-7TCA are immunogenic, insofar as they will cause the 
formation of antibody as detected by both the passive hemagglutination 
and immunodiffusion tests. The passive hemagglutination titers of the 
immunized rabbit sera were approximately 1:64 for the PPD-5AS, with one 
rabbit serum (from a total of four) demonstrating a negative titer, while 
the average titer of the rabbits receiving PPD-7TCA was approximately 
1:256. The sera from rabbits that were immunized in a similar manner with 
PPD-5TCA demonstrated titers of approximately 1:1024. The data are 
limited, but these results would indicate that the PPD-tuberculins made 
with trichloroacetic acid are more immunogenic than those made with 
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ammonium sulfate, and that they are almost as immunogenic as the tuber^  ^
culins prepared from concentrated culture filtrates, The Immunodiffusion 
titers of the sera were approximately 1:160 for the PPD-5AS and 1:2560 
for the PPD-7TCA. Here again, the PPD-7TCA appeared to be more immuno­
genic than did the PPD-5AS. Again, it is important to point out the fact 
that it is desirable for skin-testing agents to be poorly iinmunogenic. 
These tuberculins are not considered to be highly immunogenic, however, 
as extensive immunization was required to produce these titers. 
The samples of PPD-5AS and PPD-7TCA used failed to react with any of 
the lectins as described above. This was in part probably due to the 
reduced amount of carbohydrate in these preparations compared to that of 
concentrated culture filtrates. However, the >50,000 molecular size 
fractions of PPD-5AS and PPD-7TCA separated by ultrafiltration did react 
with some of the test lectins. Both ultrafiltration fractions (>50,000 
MW) reacted most strongly with the Concanavalin A, but the PPD-5AS 
fraction also reacted to a lesser extent with extracts of kidney bean, 
lima bean, Alaskan pea, and seeds of Datura metaloides. The reason for 
the ultrafiltration fraction (>50,000 Mlf) of PPD-5AS reacting with the 
lectins, and the whole PPD-5AS not reacting, was probably due to the 10 
to 20-fold concentration of material obtained during the ultrafiltration 
procedure. The reaction of Concanavalin A with this high molecular 
weight, protein-rich fraction might indicate the presence of a glyco­
protein with the PPD. The failure of the PPD-7TCA fraction (>"50,000 MW) 
to react with the lectins other than Concanavalin A might be due to a 
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difference in carbohydrate composition between the PPD--5AS and PPD~7TCA, 
since most lectins are quite specific as to the type of carbohydrate 
group with which they react. 
Since the isoelectric focusing and gel chromatography tests 
indicated a greater degree of purity present with the PPD-5AS fraction 
than with the PPD-7TCA fraction, plus the previous indication of greater 
purity obtained with the ammonium sulfate fractionation procedure, it was 
decided to repeat the ultrafiltration procedure with a larger quantity of 
PPD-5AS and to incorporate a relatively new ultrafilter that is supposed 
to have a molecular exclusion limit of 100,000* plus a different XM-»100 
filter that should exclude material with a molecular weight in excess of 
300,000. 
Three hundred and seventy-five ml of PPD-5AS were consecutively 
passed through a series of ultrafilters in such a manner that the tuber­
culin was separated into seven groups. The protein content and biological 
activity of the fractions were determined as previously described. The 
theoretical molecular size, protein content, and biological activity of 
each of the fractions are presented in Table 6. 
The biological activity data for PPD-5AS from the second ultra­
filtration experiment correlated quite well with the results of the 
first experiment. The data from the second experiment indicated that 
*Note: The Amicon Corporation produced the XM-100 filter and originally 
claimed a molecular exclusion limit of 100,000 for this filter. Recently, 
it has been demonstrated that the XM-100 filter Giow marketed as XM-300) 
has an exclusion limit of 300,000 and they now offer an XM—lOOA filter 
that has a molecular exclusion limit of 100,000. 
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Table 6. Relative tuberculin activity of molecular fractions 
of PPD-5AS separated by ultrafiltration 
Theoretical 
molecular 
size 
Percent 
protein 
Relative 
activity 
Onm^ /ug) 
Relative 
activity 
units 
Percent 
relative 
activity 
>300,000 74.8 160 11968 80.1 
100,000 -
300,000 14.0 143 2002 13.4 
50,000 -
100,000 2.8 142 398 2.7 
30,000 -
50,000 1.2 115 138 0.9 
10,000 -
30,000 5.5 80 440 2.9 
1,000 -
10,000 0.4 _a 
<1,000 1.1 a 
L^ittle activity at dilutions tested. 
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96.2 percent of the biologically active material had a molecular weight 
of above 50,000, compared to 97.1 percent found in the first experiment. 
The results of the second experiment also indicated that about 75 percent 
of the active material had a molecular size in excess of 300,000. Due to 
the nature of membrane filtration, it is highly possible that the actual 
amount of protein in the fractions excluded by the XM-100 filter is 
higher than the theoretical value. 
Also, it was again found that a similar allergenic response was 
obtained from each fraction, even though there was a considerable 
difference in the theoretical molecular size of the fractions. The only 
difference in results between the two experiments was in the relative 
activity of the fraction having a theoretical molecular size of 1,000 to 
10,000. In the first experiment, it was found that this fraction con­
tained approximately 0.2 percent of the total tuberculin activity, 
whereas in the second experiment no activity was found with this fraction. 
The difference in the results of the two experiments is very small, and 
probably is well within the experimental error of the assay. However, 
this difference does become important when trying to determine the 
possibility of the various protein fractions being polymeric forms of a 
smaller sub-unit. The biological activity of this fraction is especially 
important when trying to estimate the molecular size of the basic 
sub-unit. 
In order to help substantiate or disprove the author's theory of 
polymeric forms, an amino acid analysis was performed* on samples from 
each of the fractions. These molecular weight-fractions no doubt lack a 
: A • • 
high degree of purity but the quantitative relationships between the 
various amino acids should provide helpful information. The results 
(weight percent) of the amino acid tests are presented in Table 7. The 
amino acid composition of the various fractions of PPD-5AS and PPD-5TCA 
seemed to agree very well. Except for small discrepancies, these data do 
support the hypothesis that the active tubercular protein is a polymer 
composed of a number of sub-units of relatively small molecular weight. 
Extrapolating from these amino acid data, it would seem probable that the 
basic unit might have a molecular weight of approximately 8700 daltons. 
This molecular weight was determined by considering the amino acid with 
the least quantity (in this case, histidine) as unity, then determining 
the mole ratio of the other amino acids and rounding these figures to the 
next higher whole number, and then adding the total molecular weight 
contributed by each amino acid to obtain the theoretical minimum molecular 
weight of the compound. 
An experiment was designed to investigate any possible differences 
in the molecular size of the proteins that were due to the type of 
precipitating agent used. A 350 ml sample of PPD-5TCA (a PPD—tuberculin 
produced from the same lot of tuberculin as PPD—5AS except precipitated 
*The amino acid assays were performed with a Beckman Amino Acid Analyzer 
by Dr. A. L. Baetz, National Animal Disease Laboratory, Ames, Iowa. 
Table 7. Results (weight percent) of amino acid analysis of ultrafiltration fractions of PPD-5AS 
and PPD-5TCA - fractions are identified by source and theoretical molecular size x 10 
5AS 5AS 5AS 5AS 5TCA 5TCA 5TCA 5TCA 
10- 30- 50- 100- 5AS 10- 30- 50- 100- 5TCA 
30 50 100 300 >300 30 50 100 300 >300 
Tryp* 0. 81 , » , 0. 89 * # • 1. 54 0. 87 0. 90 0. 88 1. 28 1. 44 
Lys 4. 46 4. 60 4. 54 4. 33 4. 09 4. 46 4. 28 4. 70 4. 32 4. 00 
His 1. 82 1. 87 1. 80 2. 22 2. 39 1, 64 1. 94 1. 75 2. 03 2. 39 
NH3 1. 43 1. 59 1. 24 1. 23 1. 22 2. ,10 2. 16 2. 20 2. 04 1. 89 
Arg 5. 82 4. 87 4. 86 5. 85 6. 30 4. 94 4. ,65 5. 22 5. 76 6. 38 
Asp 11. 30 11. 76 11. 60 10, 91 10, ,68 11, ,28 11, ,32 11. ,31 10. ,64 10, ,48 
Thr 6. 07 5. 90 5. ,92 5. 41 5, ,42 5, ,88 5, ,90 5, ,96 5, ,65 5. ,39 
Ser 3. ,74 3. ,45 3. ,60 3. ,21 3. ,41 3, ,61 3. ,63 3, ,60 3, ,44 3, ,29 
Glu 12. 73 12. 99 13. 42 12. ,46 11, ,87 13, ,42 13, ,56 13. 43 12, ,15 11, ,77 
Pro 5. 65 5. ,36 5. ,57 5. ,16 5. ,27 4. 80 5. ,08 5, ,07 5, ,08 4, ,85 
Gly 5. ,96 5. ,91 5. ,96 5. ,79 5. ,77 6, .22 6. 21 6. ,10 6. ,21 6. ,25 
Ala 9. 54 9. 37 9, .36 9, .15 9. 07 9, .27 8. 99 8. ,81 8. ,82 8. ,97 
Val 8, .78 8. 96 8, .87 8, .91 8, .82 8, .78 8, .82 8. 83 8. 85 8. 69 
Meth 2, .41 2, .18 2, .19 2, .50 . 2, .24 2, .49 2, .29 1. ,10 2. 49 2. 47 
alio lieu 0, .35 0, .33 0 .32 0, .35 0. 32 0 .42 0, .32 0, ,35 0, .34 0, .35 
lieu 4, .87 4, .93 4, .96 5, .16 5, .22 4, .99 5, .00 5. 03 5, .14 5, .11 
Leu 9 .31 9, .51 9 .50 10 .22 10, .47 9 .63 9, .46 9. 44 9, .97 10, .29 
Tyr 2 .69 3. 00 2 .89 3 .18 3 .24 2 .87 3 .00 3, .62 3 .02 3 .22 
<i)-Ala 3 .06 3 .15 3 .13 3 .84 4 .13 3 .17 3, .08 3, .07 3, .72 4, .10 
homo-Cit • • 0 .24 0 .28 0 .13 0 .06 « 1 , m 0 .29 0, 41 0; = 31 0 .08 
*These results were obtained by protecting the tryptophan during hydrolysis with toluenesulfonic 
acid and repeating the entire analysis. 
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with trichloroacetic acid) was separated by ultrafiltration in a similar 
manner as PPD^ SAS. The data describing the molecular size, percent 
protein, and relative activity are presented in Table 8. Comparing these 
; . -
data with results described in Table 6 would indicate that the type of 
precipitating agent (trichloroacetic acid vs. ammonium sulfate) does have 
a strong influence on the theoretical molecular size distribution of the 
active proteins. Precipitation with ammonium sulfate tended to increase 
the molecular size of the material more than the trichloroacetic acid did. 
The difference in molecular size distribution could easily be due to 
different ways of aggregating the small sub-units. In these experiments, 
PPD-5AS was first passed through the series of filters and later the same 
filters were used for PPD-5TCA. It is quite possible that the pores of 
the filters could become partially restricted and thus change the 
relative separation of the two products. If this were the case, the 
difference between the size separation of the two products would be even 
more exaggerated than this data would indicate. 
The molecular fractions of PPD-5AS and PPD-5TCA were also analyzed 
for protein, carbohydrate, and nucleic acids in order to determine the 
influence of each, precipitating agent on the distribution of nonprotein 
components in the various fractions, (See Tables 9 and 10) For the most 
part, the nonprotein components tend to be concentrated in the same 
fractions as the majority of the protein. Notable exceptions to this 
are the lack of nucleic acids in the lower molecular size fractions, 
Also, it is evident that th.e carbohydrate was present in almost all 
fractions, which might infer the presence of a glycoprotein in the 
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Table 8. Relative tuberculin activity of molecular fractions 
of PPD-5TCA separated by ultrafiltration 
Theoretical 
molecular 
size 
Percent 
protein 
Relative 
activity 
(mm /ug) 
Relative 
activity 
units 
Percent 
relative 
activity 
>300,000 
100,000 -
300,000 
50,000 -
100,000 
30,000 -
50,000 
10,000 -
30,000 
1,000 -
10,000 
<1,000 
48.7 
23.6 
3.5 
2.1 
12.4 
9.8 
0 
135 
135 
160 
180 
150 
167 
72576 
35100 
6160 
4140 
20445 
18036 
46.4 
22.4 
3.9 
2.6 
13.1 
11.5 
Table 9. Chemical composition of fractions of PPD-5AS separated by ultrafiltration 
Theoretical Protein Carbohydrate RNA DNA 
molecular % of total % of totalug CHO/mg % of totalug/mg % of totalug/mg 
size PPD~5AS PPD-5AS protein PPD-5AS protein PPD->5AS protein 
>300,000 74.8 67.3 2.3 87.2 3.4 86.6 4.7 
100,000 -
300,000 14.0 15.4 2.9 7.4 1.6 9.0 2.6 
50,000 -
100,000 2.8 1.6 1.4 3.0 3.1 0.7 1.0 
30,000 -
50,000 1.2 4.6 9.7 2.3 5.5 0.4 1.2 
10,000 -
30,000 5.5 8.3 3.9 0 0 0 0 
1,000 -
. 10,000 0.4 2.8 18.0 0 0 0.3 3.1 
<1,000 1.1 0 0 0 0 3.0 11 
Table 10. Chemical composition of fractions of PPD~5TCA separated by ultrafiltration 
Theoretical Protein Carbohydrate 
molecular % of total % of total ug/CHO/mg 
size PPD-5TCÂ PPD-5TCA protein 
RNA 
% of totalug/mg 
PPD-5TCA protein 
DNA 
% of total ug/mg 
PPD-5TCA protein 
>300,000 
100,000 -
300,000 
50,000 -
100,000 
30,000 -
50,000 
10,000 -
30,000 
1,000 -
10,000 
<1,000 
48.7 
23.6 
3.5 
2.1 
12.4 
9.8 
0 
59.9 
28.4 
1.8 
1.1 
8.9 
0 
0 
8.5 
8.4 
3.5 
3.5 
5.0 
0 
0 
47.7 
32.6 
8.5 
4,4 
6 . 6  
0 
0 
65.3 
90.6 
169.8 
140.6 
34.2 
0 
0 
62.3 
29.9 
3.3 
1.5 
3.0 
0 
0 
64.9 
65.6 
46.4 
35.1 
11.5 
0 
0 
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various fractions. The high level of nonprotein components in most of 
the fractions of PPD-5TCA should also be noted. 
Since Concanavalin A produced strong precipitin lines in the 
previous studies with some of the high molecular weight fractions, an 
experiment was designed to try to use Concanavalin A to selectively 
precipitate the carbohydrate and remove it from the protein. Concanavalin 
A, when added to a solution of the high molecular weight fraction, 
failed to form a visible precipitate upon standing for periods up to 
five days. Centrifugation also did not help the separation of a visible 
precipitate. Perhaps the conditions were not ideal or the concentration 
of carbohydrate was too low to use this technique as a means of carbo­
hydrate removal. 
Since much of the biologically active material was being excluded 
by the largest size ultrafilter presently available, another type of 
filtration system was designed to determine the feasibility of sepa­
rating the protein from the nonprotein material. The material excluded 
from the ultrafilter was diluted ten-fold with PBS and was passed 
through a series of Millipore (Millipore Filter Corporation, Bedford, 
Massachusetts) filters (300 nm, 220 nm, 100 nm, 50 nm, and 25 nm pore 
sizes), and the material above the surface of the filter was examined for 
protein, carbohydrate, and nucleic acid content. Table 11 presents the 
data indicating the percentage distribution of these components that were 
separated by the series of filters. The experiment was first performed 
with the high molecular size fraction of PPD-9AS and then with the same 
Table 11. Chemical composition of tubercular material excluded by XM-100 ultrafilter and 
separated by a series of membrane filters 
PPD-5AS PPD-9AS . • ' 
Filter size Percent Percent Percent Percent Percent Percent Percent Percent 
(nm) protein carbohydrate RNA DNA protein carbohydrate RNA DNA 
>300 0.7 12.9 0 2.4 3.3 24.4 0 17.5 
220 - 300 0.3 3.2 0 1.5 1.0 8.9 0 0 
100 - 220 49.4 23.7 30.1 31.0 29.4 8.9 100 82.5 
50 - 100 19.2 16.1 7.2 17.7 7.0 10.0 0 0 
25 - 50 2.0 8.6 0 3.8 5.0 17.7 0 0 
<25 28.5 35.5 62.7 43.5 54.2 30.0 0 0 
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fraction of PPD-5AS. The PPD-9AS was made from the same organism and 
medium as PPD-7TCA and was precipitated with ammonium sulfate. 
The membrane filtration technique with PPD-9AS provided a pretty 
good separation of the nucleic acids, especially the cutoff with the 
100 nm size filter, but did not selectively separate the carbohydrate. 
The results of the membrane filter separation of PPD-5AS were not as 
clear cut, probably due to different composition because of the difference 
in production methods, e.g., the PPD-5AS was concentrated by means of a 
collodian filter, whereas PPD-9AS was concentrated by means of ultra­
filtration; the >300,000 fraction of PPD-9AS was filter-sterilized 
by passing it through 450 nm filters. The PPD material had a tendency to 
plug the filter and a number of filters had to be used in this filtration 
process and then discarded. It is quite probable that discarding the 
material trapped by the 450 nm filters changed the ultimate composition 
of the product. 
Since approximately 75 percent of the active material was contained 
in the >300,000 Mlf fraction of PPD-5AS, further attempts were made to 
purify and identify the components of this material. Approximately 50 mg 
of this fraction were placed on an isoelectric focusing column (pH 3 to 
6, containing 1.5% amphdline and 8M urea) and focused with 500 volts for 
69 hours at 10° C, then the material was removed from the column. The 
transmittance of the effluent at 254 nm was measured as it was removed 
from the column and collected in 5 ml aliquots. Figure 8 describes the 
changes in transmittance and. pH of the effluent from the isoelectric 
separation of the >300,000 Ml'J fraction of PPD-5AS. The >300,000 
Figure 8. Effluent from isoelectric separation of >300,000 
fraction of PPD-5AS C ) • The pH of the effluent 
( ) is also described. The material between 
the arrows (-«- ->) was saved for refocusing. 
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fraction apparently contains at least three components with.isoelectric 
points of 7.5, 4.5, and 3.9, respectively. The major fraction (the 
material eluted between the arrows) was saved and approximately 5 mg of 
this material was electrophoretically refocused several times in an 
effort to isolate each of the components. Figure 9 describes the optical 
transmittance and pH relationships of the refocused material. The iso­
electric points of the two major components were estimated to be 7.5 and 
4.6, respectively. In Figure 9, the transmittance of the fraction at 
7.5 exceeded the transmittance of the fraction at 4,6, but this was 
probably due to some precipitation of the material at pH 4.6, its 
isoelectric point. The appearance of two peak.s and the greater tendency 
toward precipitation of the material upon refocusing, points up some of 
the possible problems with this method of purification. The multiple 
peaks may be due to the presence of artifacts due to reactions between 
the sample and ampholytes as recently reported by Frater (18). 
Ultracentrifugation of the >300,000 fraction at approximately 
175,000 XG in a 5 to 20% sucrose gradient failed to provide adequate 
separation of components of PPD-5AS. As the active material has an 
estimated molecular size in excess of 300,000 daltons, it is at the upper 
limit in size of material that can be adequately separated by Sephadex 
gel filtration techniques. Approximately 5 mg of the >300,000 
fraction of PPD-5AS was placed on a 1 X 30 cm column of Sephadex G-200 
and eluted with PBS. The transmittance of the effluent was measured at 
254 nm and the elution pattern presented in Figure 10. It is evident 
from the gel filtration elution pattern that the fraction contains mostly 
Figure 9. Effluent from isoelectric separation of 
refocused fraction of PPD-5AS ( ). The 
pH of the effluent ( ) is also described. 
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Figure 10. Effluent from Sephadex G-200 separation of 
>300,000 fraction of PPD-5AS. 
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a single component although the tailing might indicate the presence of 
other components that are closely related as to molecular size. The 
components may be so closely related and of such a high molecular weight 
that it is difficult to obtain adequate separation by gel filtration. 
Analysis by disc gel electrophoresis of the >300,000 Ml-7 fraction of 
PPD-5AS indicated the presence of only a single, but poorly resolved, 
broad band. 
A sample of the >300,000 >IW fraction of PPD-5AS was also subjected 
to analytical ultracentrifugation.* The results of the ultracentrifu-
gation indicated the presence of a large component with a sedimentation 
rate of 8.6S and also the presence of a smaller component with a sedi­
mentation rate of 2S. The component with a sedinentation rate of 8.6S 
could easily have a molecular weight greater than 300,000 daltons which 
would agree with the results obtained by ultrafiltration. A more 
accurate estimation of molecular weight by ultrafiltration and ultra-
centrifugation studies is difficult because the results of both methods 
are greatly influenced by the configuration of the molecule. Efforts to 
determine a closer approximation of the molecular weight of this fraction 
will have to wait until a greater degree of purity is obtained. 
This study, like most research of this type, needs to be an ongoing 
study to ever completely resolve all of the problems. The results 
obtained by this work have answered some questions, but they have also 
*The analytical ultracentrifugation determination was performed with 
a Beckman Model E Analytical Centrifuge by Dr. 2Î. Phillips, National 
Animal Disease Laboratory, Ames, Iowa. 
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raised many new questions which will likely be the basis of future work. 
It would be desirable to continue this work and work on resolving such 
problems as: further identify the active principle of tuberculin; 
correlate biological activity with chemical structure; increase biological, 
specificity of PPD; adapt methods of purification to production size 
scale; and many other interrelated problems. 
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CONCLUSIONS AND SUMMARY 
Tuberculins have been used as an aid in the diagnosis of tuber­
culosis for the past eighty years. A great deal of research has been 
performed on tuberculins and many efforts have been made to improve the 
product, but the "Old Tuberculins" are still produced in a manner quite 
similar to that originally described by Koch. 
This project was developed to determine some of the chemical, 
physical, and immunological characteristics of tuberculins that were 
used in the past for the veterinary diagnosis of tuberculosis, as well 
as to determine characteristics of experimental PPD-tuberculins that 
might be used as future diagnostic reagents to detect tuberculous cattle. 
Hopefully, the elaboration of the characteristics of tuberculins prepared 
by various procedures will provide some insight as to production and 
purification methods that could be applied for the preparation of a more 
sensitive tuberculin product. 
The BAI-tuberculin, made from the growth products of M. tuberculosis 
grown on a beef infusion medium, contained considerable quantities of 
carbohydrate and nucleic acids and was quite heterogeneous as determined 
by several physical tests. Presumably, many components of the BAI-
tuberculin were originally present in the beef infusion medium. 
The advent of a synthetic growth medium that could be used for the 
production of tuberculin permitted the preparation of a product with 
greater purity. All the proteins, most of the carbohydrates (.except 
dextrose and glycerol) and all the nucleic acids in the ARS~tuberculins 
were formed as metabolic by-products of the mycobacteria. However, this 
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type of tuberculin was also quite heterogeneous as determined by its 
chemical and physical characteristics. Both the "BAI-tuberculin" and the 
"ARS-tuberculin" can be shoxra to be immunogenic, although they are 
relatively poor antigens as determined by immunodiffusion and passive 
hemagglutination tests on sera from hyperimmunized rabbits. Despite the 
presence of impurities, both of these tuberculins have performed very 
well diagnostically and have been instrumental in programs for reduction 
of tuberculosis in cattle. As the incidence of tuberculosis is reduced, 
however, the detection of "reactors" becomes much more difficult, and 
the need arises for a more sensitive and more specific diagnostic 
reagent. The production of several lots of the purified protein deriva­
tives of tuberculins made from M. bovis has been directed toward the 
development of a reagent that will satisfy this need. 
The data in Part II indicate that the composition of PPD-tuberculins 
can be quite variable. The absolute chemical composition of the PPD-
tuberculin varied considerably from batch to batch. However, the relative 
chemical composition (based on the protein content) of different lots of 
tuberculin indicated that there was a considerable difference in purity, 
which was dependent upon the method of precipitation. In almost all 
cases, the product prepared with trichloroacetic acid contained more 
impurities (carbohydrate and nucleic acids) than the comparable product 
prepared with ammonium sulfate. The relative allergenic activity (based 
on the protein content) of the various batches was also quite variable. 
In this case, however, the allergenic activity seemed to be independent 
of the method of precipitation. The data from the chemical and physical 
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tests on the PPD-tuberculins indicated that there was an obyious 
increase in purity over the "Old Tuberculins," but it also indicated 
that the PPD-tuberculins were still rather impure. 
Two of the PPD-tuberculins, PPD-5AS and PPD-7TCA, were selected 
for large scale testing with cattle for sensitivity and specificity. 
These two tuberculins were also selected for further study in this 
project in order to obtain more detailed information about their 
chemical, physical, and immunological characteristics. Several frac­
tionation procedures Cultracentrifugation, isoelectric focusing, gel 
filtration, and ultrafiltration) were utilized in an attempt to further 
purify these PPD-tuberculins. The ultrafiltration procedure seemed to 
be the most rewarding, although even these fractions were still somewhat 
impure. 
The fractions separated by ultrafiltration were analyzed for 
protein, carbohydrate, nucleic acid contents, and relative allergenic 
activity. The majority of the allergenic activity was isolated in the 
fraction having a molecular weight range in excess of 300,000 daltons, 
although the actual percentage of biological activity in each molecular 
size range seemed to vary with the individual batch, as well as with the 
precipitating agent. There were some indications that the products 
precipitated with ammonium sulfate contained a larger percentage of high 
molecular weight components than the products precipitated with trichloro­
acetic acid. There were also indications that the biologically active, 
high molecular weight material might be a polymeric form of lower 
molecular weight sub-unit as all fractions had a very similar amino acid 
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composition. Since the majority of the active principle was contained 
in the >300,000 molecular weight range, several additional experiments 
were performed to further identify this material. Ultracentrifugation 
in a density gradient, and gel filtration studies indicated that the 
>300,000 MW fraction was primarily a single component although this was 
questionable since the gel was used at its upper limit of resolution and 
the centrifuged material failed to form a sharp band. Isoelectric 
focusing studies indicated that the major component had an isoelectric 
point of 4.6 and that there were two minor components with isoelectric 
points of 3.9 and 7.5, respectively. Disc gel electrophoresis of the 
>300,000 fraction of PPD-5AS indicated the presence of only one major 
band. Analytical ultracentrifugation of this fraction indicated that the 
high molecular weight component had a sedimentation rate of 8.6S but also 
indicated the presence of a smaller component with a sedimentation rate 
of 2S. 
This project, although not completing all of its goals, has provided 
many answers as to thé various characteristics of purified proteins from 
M. bovis. The results of this project also raised many, as yet 
unanswered questions. In addition to pursuing more information about the 
characteristics of this product in relation to its biological activity, 
equal efforts must be made to determine the specificity of the various 
components, in order to have an ideal reagent. For this study, the 
relative allergenic activity will have to be determined with animals 
sensitized with organisms other than M. bovis. 
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From an immunological standpoint, it would seem that the high 
molecular weight fraction C>'300,000 daltons) would likely be -more 
immunogenic than the smaller sub-units. If this were the case, it 
might be more satisfactory to use the lower molecular weight fractions. 
Since a molecular size of >300,000 is much larger than has been previously 
reported for the molecular weight of the major active component, further 
work needs to be performed to provide additional information. Another 
experiment that would be helpful is to repeat the ultrafiltration 
separation-biological activity study with an unheated culture filtrate. 
This should provide some insight to determine if the extensive heating 
during the processing of the PPD-tuberculin has an aggregating effect on 
the biologically active component. 
These and many other experiments need to be performed in order to 
aid the extension of knowledge necessary to produce a more nearly ideal 
diagnostic reagent for bovine tuberculosis. 
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DISC ELECTROPHORESIS 
Neutral - SDS or High pH 
A. Reagents 
1. Stock solutions 
a. Acrylamide - Bis 30:08 
(1) Acrylamide - Bis 300 g 
(2) N'N'-bis-methylene-acrylamide 8 g 
(3) Distilled water - q.s. to 1000 ml 
Filter through No. 40 \\%atman pâper and keep in cold and 
dark. 
b. Sodium phosphate buffer - neutral pH (lOX = IM) 
(1) NaH2 P O4 H2O 59.3 g 
(2) Na2 HP O4 81 g 
(3) Distilled water - q.s. to 1000 ml 
c. 10% SDS in water 
(1) Dodecyl sodium sulfate 5 g 
(2) Water - q.s. to 50 ml 
d. Electrode buffer - high pH (lOX) 
(1) Tris base 6 g 
(2) Glycine 28.8 g 
(3) Water - q.s. to 1000 ml 
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e. HCl - Tris buffer 
(1) 1 N HCl 48 ml 
(2) Tris-base 36.3 g 
(3) Water - q.s. to 100 ml 
f. 10% ammonium persulfate 
(1) Ammonium persulfate 1 g 
(2) Water - q.s. to 10 ml 
Prepare fresh each week. 
2. Resolving gel (high pH) (100 ml) 
Reagent e - HCl tris buffer 12.5 ml 
Reagent a - Acrylamide bis 25 ml 
Temed . .05 ml 
Distilled H2O - q.s. to 99 ml 
Reagent f - 10% ammonium persulfate 1 ml 
3. Resolving gel (neutral pH, SDS) 7.5% 
Reagent a - Acrylamide bis 25 ml 
Reagent h - (dilution 1:10) neutral pH buffer 12.5 ml 
Reagent c - 10% SDS 1 ml 
Temed ,05 ml 
Water 60 ml 
Reagent f - 10% ammonium persulfate 1 ml 
4. Spacer gel (high pH) 
Reagent e - HCl - Tris buffer 1,25 ml 
Reagent a - acrylamide bis 2.5 ml 
Temed , 005 ml 
Water 9.9 ml 
Reagent f - 10% ammonium persulfate ,1 ml 
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5. Spacer gel (neutral pH, SDS) 
Reagent a - Àcrylamide — Bis 
Reagent b - (dilution 1:10) neutral pH buffer 
Reagent C - 10% SDS 
Temed 5 ul, then 
7.65 ml with water 
.10 ml 
1 ml 
1,25 ml 
.10 ml 
Reagent f - 10% ammonium persulfate 
Procedure 
1. Assemble clean tubes, mark, and place in apparatus. 
2. Put rubber stoppers in the bottom of tubes. 
3. Mix resolving gel (100 ml). 
4. Quickly fill tubes with resolving gel (about 13 ml per tube), 
5. Cover gel with about 0.1 ml distilled H2O. 
6. Wait 30 minutes for gel to set. 
7. Remove rubber stoppers from bottom of tubes. 
8. After gel is set up, remove 0.1 ml distilled H2O from top of 
gel by gently touching with corner of paper towel and allowing 
it to absorb H2O. 
9. With syringe, gently apply 0.2 ml PPD. 
10. Next, very gently apply 0.1 ml sucrose solution (20%), 
11. Apply 2 drops dye (0.1% bromethymol blue). 
12. Mix sample, sucrose, and dye by shaking tube from side to side. 
13. Quickly mix spacer gel. 
14. Very carefully add 1 ml spacer gel and work quickly before gel 
sets. 
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15. After gel is set up, carefully fill tubes the rest of the way 
with electrode buffer CReagent d, dil. 1:10). 
16. Fill all three tanks with electrode buffer (Reagent d, 
dil. 1:10). 
17. Place wick across two top compartments. 
18. Connect tank to power supply. 
19. Constant voltage is recommended. 
20. Turn on switch and set voltage at 300 volts for high pH or at 
5-7 ma/tube for neutral pH. 
21. Allow to migrate until dye has migrated 12-15 cm. 
22. Turn off switch and disconnect tank from power supply. 
23. Remove gel from tubes and insert into 25 x 200 tubes. 
24. Fill tube with coomaise blue dye CO.1%). 
25. Let set for 3 or 4 hours. 
26. Pour off dye and rinse gel with distilled H2O. 
27. Fill tube again with 5% Me OH/7% acetic acid solution to 
destain gel. 
28. Change destaining solution 2 or 3 times or until background 
becomes clear. 
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ELECTROPHORESIS 
A. Reagents 
1. Tris-Barbital-Sodiura Barbital (Gelman catalog No, 51104), 
1 packet to 1 liter distilled H2O, pH 8.8. 
2. 5% acetic acid 
a. Acetic acid - 50 ml 
b. Distilled H^ O q.s. - 1000 ml 
3. Ponceau S stain 
a. Ponceau S (Colab Code No. 11-191F) - 25 ml 
b. 3% trichloroacetic acid - 600 ml 
B. Procedure 
1. Prepare tank 
a. Place on a horizontal surface and fill compartments with 
Tris Barbital Sodium Barbital buffer, pH 8.8, to marks on 
sides of compartments. Wipe any buffer from top of 
center section. 
2. Prepare cellulose acetate strips - (Sartorius cellulose 
acetate for Electrophoresis #511207, Size 57 x 145 mm). 
a. Three strips are run, eight samples per strip. 
b. Mark strips with a mark for the application line two 
inches from the left end. Sample numbers and date are 
also marked on left end of strip. Use nondiffusible ink. 
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c. Float strips on the surface of the buffer. After they 
appear completely wetted, submerge them. 
d. After the strips are thoroughly wetted, carefully remove 
them from the buffer and dry by gently pressing between 
two filter paper sheets until no excess moisture is seen, 
but no dry spots appear either. 
e. The blotted membrane is carefully stretched across the 
brackets with the ends of the strips hanging directly in 
the buffer. 
f. With the microzone sample applicator, touch tip to sample 
droplet and apply to strip. Wipe applicator clean and 
repeat with each sample. 
g. Put cover on tank. 
Electrophoresis run 
a. Constant voltage is recommended. 
b. Connect the tank to the power supply. 
c. Turn on switch and set voltage at 250 volts. 
d. Allow samples to migrate for 25 minutes. 
e. Turn off switch and disconnect tank from power supply. 
Staining 
a. Remove strips carefully from tank. 
b. Place strips in ponceau S stain. (Do not put one strip 
over another.) Float strips on ponceau S solution, as 
with wetting with buffer, then submerge. Allow to stand 
for approximately 5 minutes. 
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Clear the strips by rinsing for 5 minutes in each of 3 
solutions of 5% acetic acid. Repeat if background is not 
white. 
Blot dry and press between clean white toweling. Keep 
pressed flat with a broad surfaced object until completely 
dry. 
Electrophoretic patterns may be evaluated and integrated 
with the densitometer. 
99 
Chemistry Laboratory 
Veterinary Biologies Division 
Agricultural Research Service, USDA 
Ames, Iowa 
CARBOHYDRATE TEST - (Revised) 
A. Reagents 
1. Anthrone reagent: Weigh 200 mg anthrone and dissolve in 
95 ml H2SO4 and q,s. carefully to 100 ml with H2O. Reagent 
should be yellow in color. Discard if it has a greenish 
color. Keep in a cool, dark place. 
2. Carbohydrate stock standard: Weigh 200 rog glucose and 
dissolve in one liter water. 200 mg/l = 200 ug/ml. Store in 
refrigerator. 
B. Procedure 
1. Prepare standard curve as follows: Take three 50 ml 
volumetric flasks and prepare as follows: 
Carbohydrate 
Label stock standard Water 
20 ug/ml 5 ml Dilute to 50 ml 
40 ug/ml 10 ml Dilute to 50 ml 
60 ug/ml 15 ml Dilute to 50 ml 
After labeling, add the carbohydrate stock standard and dilute 
to 50 ml with distilled water. Mix well, 
2. Next label tubes (16 x 125). Pipet 2,5 ml from each corre­
sponding volumetric flask into tubes. Pipet 2,5 ml H2O into 
tube marked blank. 
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3. Fill a burette (grease-free) with anthrone reagent, add 
reagent (5.0 ml) from burette to blank and standard tubes 
while shaking tube -vigorously in cold water. Cool tubes in 
cold water while completing this step, 
4. Heat in boiling water bath for 15 minutes. Cool to room 
temperature by setting tubes in cold water, 
5. Transfer to cuvettes and read percent T at 620 nm on Spec. 20, 
6. Convert readings to O.D, 
7. Plot standards and draw curve on graph paper. 
8. Dilute sample so that it contains 0 to 30 ug/ml, (Usually 
dilute 1+3.) 
9. Place 2.5 ml of diluted sample in tube (16 x 125), 
10. Repeat as for standards and blank. 
11. Calculate answers from standard curve. 
NOTE: 1, Test duplicates or triplicates if sample size 
permits, 
2, PPD samples diluted 1 part sample + 3 parts water. 
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ETHIDIUM BROMIDE PROCEDURE FOR RNA - DNA 
A. Equipment 
1. Aminco-Bomman spectrophotofluorometer, excitation 525 nm, 
emission 582 nm (see instruction manual). 
B. Reagents 
1. Ethidium bromide. 
2. Tris-HCl buffer, pH = 7.5, 0,1 M; NaCl, 0,1 M, Dissolve 
Tris-HCl (6.05 gm), Tris base (1.4 gm), and NaCl (2.93 gm) in 
distilled H2O in 500 ml volumetric flask, adjust pH if 
necessary, and fill to mark. Dissolve 14 ug/ml (0.007 gm) 
ethidium bromide in buffer. This is the working reagent. 
3. RNase. 
C. Standards 
1. Prepare standards of RNA and DNA in PBS. 10, 50, 100 ng/ml. 
D. Procedure 
1. Mark screw cap tubes in duplicate for blank (H2O) and each 
standard (13 tubes). 
2. Mark four screw cap tubes for each sample. 
3. Add 1 ml of H2O, standard, or sample* to the appropriately 
marked tubes. 
* Samples should be diluted to contain less than 100 ug/ml of each RNA or 
DNA. 
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4. Add to two tubes of each sample approximately 50 ug RNase, 
Heat these tubes containing RNase at 50 C for one hour. 
Cool to room temperature before reading the fluorescence, 
5. Immediately prior to reading the fluorescence, add 2 ml of the 
working reagent (add to one tube at a time), shake, pour into 
cuvette, and scan or read on meter. Read emission peak at 
582 nm. 
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IMMUNODIFFUSION 
A. Slide preparation 
1. Precleaned slides are placed on slide-matrix holder* and a 
plastic matrix* is placed over each slide. 
2. 1% Noble Agar in .OlM PBS, pH 7.2, is melted and cooled to 
about 60 C. The agar is dispensed between the slide and 
matrix with a capillary pipet. The area between the slide and 
matrix is completely filled and care must be taken not to fill 
matrix wells with agar. The slides with matrixes are care­
fully removed from the slide-matrix holder after the agar is 
cooled and set and placed on the regular immunodiffusion slide 
holders. 
B. Dilutions 
1. An initial 1:10 dilution of antigen with .OIM PBS, pH 7,2, 
is made. Then serial two-fold dilutions of the antigen are 
made. These dilutions are placed in the center row of wells in 
the matrix, 
2. Undiluted antiserum is placed in the wells in the outside rows 
of wells in the matrix. 
* Plastic matrix and slide holder were designed by W. D. Richards and 
custom-made by Plastic Shop, National Animal Disease Laboratory, Ames, 
Iowa 
104 
Evaluation 
1. The slides on the holders are carefully placed in a humid box 
at room temperature for 5 days, 
2. Then the matrix is removed, the agar washed carefully with 
distilled water to remove excess antigen and antibody and the 
zones read with the aid of oblique light. 
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IMMUNODIFFUSION USING PENICYLINDERS  ^
A. Plate preparation 
1. Use 100 X 22 -mm disposable petri dishes. 
2. 1% Noble Agar in .OlM PBS pH 7.2 is melted and cooled to 
about 60 C. Merthiolate is added to a 1/10,000 concentration. 
Five ml of agar is dispensed into each petri dish and allowed 
to set and cool. 
3. Clean, sterile stainless steel penicylinders are carefully 
placed on top of the agar in a pattern with a 2 to 3 mm space 
between the edges of the penicylinders. Care must be taken to 
have the penicylinders firmly on the agar to prevent sample 
leakage, but they must not be pressed into the agar, 
4. 0.2 ml of the undiluted Ag and Ab is placed into the designated 
penicylinders. 
B. Evaluation 
1. The plates are placed in an incubator at 37 C for 5 days, 
2. The penicylinders are removed, the agar surface is thoroughly 
washed with distilled water to remove excess antigen and 
antibody and the zones are read with the aid of oblique light. 
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PASSIVE HA TEST 
A. Prepare sheep RBC 
1. Take 1 volume of sheep RBC in Alsever's solution (1 + 1) and 
centrifuge cells at 1500 rpm for 10 minutes. 
2. Resuspend cells and wash in 5 to 10 volumes of ,01M PBS, 
pH 7.2. Repeat four times. 
3. Add 1/40 volume of packed RBC to 1 volume of 0.5 mg/ml 
antigen-saline solution (PBS pH 7,2) for all antigens. 
4. Incubate at 37 C for 2 hours. Mis gently every 15 minutes. 
5. Centrifuge at 1500 rpm for 10 -minutes to sediment cells, 
6. Decant supernate and resuspend cells. Wash cells three times 
in PBS pH 7.2. 
7. Resuspend cells in PBS at a concentration of 2.5% RBC, 
B. Prepare antiserum 
1. Inactivate antiserum; Rabbit serum at 56 Cj bovine serum at 
62 C, for 30 minutes in water bath, 
2. Dilute serum 1:2 with PBS pH 7,2. Absorb each 1,0 ml diluted 
serum with 0.2 ml washed, packed normal sheep RBC for 10 
minutes at room temperature. 
3. Centrifuge at 1500 rpm for 10 minutes. 
4. Reabsorb serum with 0.2 ml of washed, packed normal sheep RBC 
for 10 minutes at room temperature. 
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5. Centrifuge at 1500 rpm for 10 minutes. Decant serum and mark 
it "DIA serum and AG j?" 0)ilute ~ Inactivated - Absorbed). 
Test 
1. Make two-fold serial dilutions of inactivated serum (DIA 
serum) with PBS pH 7.2 in 10 3 100 tubes = 0,5 ml/tube, 
2. Add 0.05 ml of 2.5% suspension of treated sheep RBC to each 
tube and mix very gently. 
3. Incubate at 37 C for 2 hours, mix gently every 30 minutes. 
4. Let tubes stand at room temperature for 16 hours, then read 
+> i» -• 
Controls 
1. Make an extra serum dilution at 1:8. Add nonsensitized cells 
from 2.5% suspension of normal sheep RBC. Proceed with the 
test. 
? 
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PROCEDURE TO DETERMINE RIBOSE 
A. Reagents: 
Ferric Alum Reagent - 0.099 g Ferric Ammonium Sulfate in 
100 ml concentrated HCl 
Orcinol - 10% - 10 g Orcinol in 100 ml 95% Alcohol (95 ml 
Ribose Standard - 100 ug/ml = 100 mg/1000 ml H2O 
Make Ribose Standard Solutions: Use 100 ug/ml ribose solution as 
stock. 
Standard Curve - (Prepare in triplicate) 
B. Procedure 
1. Put 3 ml of standard or sample (for unknown: use 1+5 
dilution - 0.5 ml + 2.5 ml H2O) into 16 x 125 screw-cap 
tube. For blank, use 3 ml H2O. (Replicate if sample size 
permits.) 
Absolute Alcohol + 5 ml boiled distilled 
H2O) = 2.5 g in 25 ml 95% Alcohol 
5 ug/ml 
10 ug/ml 
15 ug/ml 
20 ug/ml 
25 ug/ml 
30 ug/ml 
5 ml stock diluted to 100 ml W/H2O. 
10 ml stock diluted to 100 ml W/H2O. 
15 ml stock diluted to 100 ml W/H2O. 
20 ml stock diluted to 100 ml W/H2O. 
25 ml stock diluted to 100 ml W/H2O. 
30 ml stock diluted to 100 ml W/H2O. 
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2. Add 3 ml Ferric Alum Reagent. , 
3. Then add 0.3 ml 10% Orcinol. 
4. Mix (by tapping) and heat in boiling water bath - 20 minutes. 
5. Cool in room temperature bath - 5 minutes. 
6. Read at 660 mu - on Spectrophotometer. 
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PROCEDURE FOR DEOXYRIBOSE 
A. Reagents : 
Diphenylamine - 1 g diphenylamine in 100 ml glacial acetic 
acid + 2.74 ml concentrated H2S0^  
Control Reagent - 100 ml glacial acetic acid + 2.74 ml 
concentrated H2SO4 
Deoxyribose - 100 ug/ml - 100 mg in 1000 ml H2O 
Deoxyribose Standard Solutions: 
Use 100 mg/ml solution as stock in 100 ml volumetric flasks. 
15 ug/ml 15 ml stock diluted to 100 ml W/H2O. 
30 ug/ml 30 ml stock diluted to 100 ml W/H2O. 
45 ug/ml 45 ml stock diluted to 100 ml W/H2O. 
60 ug/ml 60 ml stock diluted to 100 ml W/H2O. 
75 ug/ml 75 ml stock diluted to 100 ml w/H^ O* 
90 ug/ml 90 ml stock diluted to 100 ml W/H2O. 
B. Procedure: 
1. In triplicate: Prepare in cuvettes: 
a. 0.6 ml unknoim or standard + 1.2 ml control reagent. (For 
PPD; 1 + 1 dilution of unknoxm sample - .3 ml + .3 ml H2O.) 
b. 0.6 ml unknoTO or standard + 1.2 ml Diphenylamine reagent. 
(For PPD, 1+1 dilution of unknoim sample - H2O for 
blanks.) 
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2. Read in spectrophotometer at 600 nm immediately as control on 
tubes. 
3. Incubate at 37° C for 48 hours. 
4. Add 1.8 ml control reagent to each tube. 
5. Read in spectrophotometer at 600 -mu. 
Immediate reading on each tube is subtracted from final 
reading on that tube and in this way a correction is made for 
each tube as well as for any color in solution. 
Readings on tubes with control reagent are subtracted 
from readings with diphenylamine reagent. 
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BIURET TEST FOR PROTEIN , . • 
A. Materials and reagents 
1. O.OIM phosphate buffered saline, pH 7.2 to 7.4 (PBS) - use 
for all dilutions. 
2. Biuret reagent: Completely dissolve 1.5 g CuSO^  in 400 ml of 
water, and then completely dissolve 6.0 g sodium potassium 
tartrate in this solution. With constant stirring, add 300 ml 
of 2.5N NaOH. Dissolve 1 g potassium iodide in solution and 
quantitatively adjust volume to 1 liter. 
3. Standard protein solution: Prepare standards from a solution 
of crystalline bovine albumin (Armour No. 3200) or Versatol, 
Labtrol, etc., containing a known amount of protein nitrogen. 
Convert mg of protein nitrogen per ml to mg of protein per ml 
by multiplying by 6.25. 
4. Spectrophotometer or colorimeter. 
B. Method 
1. Prepare appropriate dilutions of standard and unknown to 
contain between 1 and 8 mg of protein/ml. 
2. Transfer 1 ml PBS to cuvette marked "blank." 
3. Transfer 1 ml of each dilution into a separate cuvette. 
4. To all cuvettes add 4 ml of biuret reagent and mix well. 
5. Allow to stand at room temperature for 30 minutes. 
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Read the absorbance in the colorimeter at a wavelength setting 
of 540 nm or with à No, 54 filter. 
Determine the protein content and report as mg of protein/ml. 
This may be calculated from a standard curve or from the 
equation. Cone, of oinknom = conc, of standard % 
Absorbance of unknoim. . 
Absorbance of standard 
Test number 
Date test on 
Guinea pig numbers 
Site Product and 
No. dilution 
1 
2 
3 
7 
8 
I 
